The influence of dipping in hot salt solution on water absorption in nylon6 composites with dispersed aluminum powders was investigated. Dipping in hot salt solution (3 mass%NaCl in distilled water) for 10 5 s at 373 K increased the overweight of composite samples, whereas the addition of aluminum with dispersed powders (A1-addition) from zero to 40 vol%Al decreased the overweigh of the sample. Based on the experiment results and kinetic analysis, aluminum powder dispersion in nylon6 decreased the saturated overweigh of composites at infinite time. Both hot salt dipping and Al addition increased the reaction index (n). The Al addition apparently increased the n value of composites with less than 20 vol%Al in salt solution, as well as with less than 30 vol%Al in distilled water. The A1 addition apparently increased the kinetic constant (k) at less than 20 vol%Al in hot salt solution. However, the Al addition decreased the k value of composites at more than 30 vol%Al in hot salt dipping, as same as that of the composites dipped in hot distilled water. Compared with dipping in distilled water, dipping in hot salt solution apparently decreased the saturated overweigh and remarkably increased both n and k values of nylon6 composites with 10 and 20 vol%Al. Since Electron Probe Micro Analyzer (EPMA) analysis could not clearly detect sodium (Na) in the nylon6 matrix, the reaction rate of nylon6 composites dipped in hot salt solution was probably dominated by an interface control process.
Introduction
Low-cost, light-weight polymers with high productivity, ductility and specific strength are useful substances, with applications similar to light metals and ceramics. They are applied as biomedical, electrical, automobile, and building materials. Furthermore, nylon is a thermoplastic polymer with low cost and easy formability for preparing composite materials. 1, 2) In addition, cheap composite polymers with light-metal powders dispersed often feel cold and look shiny, like some metals.
3) Mixing metal powders in polymer often creates an attractive image conducive to making articles for new markets. However, water absorption, which causes softening 4, 5) and high growth rate of fatigue crack, 5) is often observed in nylon6. Although water absorption enhances the impact value of nylon6 and its composites, 6 ) the effect of water absorption on expansion and softening is a serious problem. The absorption rate of distilled water is strongly dominated by mass transport, which is generally controlled by both diffusion in the nylon6 matrix, 7) and mass transfer at the interface in nylon6 composites. 8) Salt solutions pose serious environmental problems when it utilizes exteriors in civil engineering and interiors of automobiles. 9, 10) Therefore, the influence of dipping in hot salt solution (3 mass%NaCl in distilled water) at 373 K (near the boiling point) on the overweight of nylon6 composites with aluminum powders dispersed has been precisely investigated with the use of general kinetic analysis.
Experimental Procedure

Sample
The composite polymer was homogeneously mixed with nylon6 powders (UNITIKA, Ltd., A1030JR) and Al powder. It was then dried for 10 hours at 363 K. The specimen, shaped according to JIS K7111, was molded at 533 K after melting. The molten polymer was injected into the die at a temperature of 323 K, using an injection molding machine equipped with a mixing screw (TKK Co., Ltd., mold locking force 980.7 kN). The dispersed volume ratios of Al powders in nylon6 were 10, 20, 30 and 40 vol%Al. The average diameter of the Al particles was 28.8 mm.
6)
Mass measurement of water absorption
To measure water absorption, nylon6 composites were dipped in a hot salt solution (3 mass%NaCl in distilled water) and distilled water heated for 10 5 s at 373 K. The mass was measured at 0, 10 2 , 2 Â 10 2 , 5 Â 10 2 , 10 3 , 2 Â 10 3 , 5 Â 10 3 , 10 4 , 2 Â 10 4 , 5 Â 10 4 , and 10 5 s. The overweight was expressed by eq. (1).
Here, C is the water absorption ratio (%), m 0 is the mass before dipping in both salt solution and water, and m t is the mass after dipping in both salt solution and water. 5) 3. Results Figure 1 plots changes in the overweight of nylon6 and its composites dispersed at each volume fraction (%) of aluminum powders versus dipping time in hot salt solution (3 mass%NaCl in distilled water) and distilled water at 373 K. Results indicated that dipping in both hot salt solution and distilled water increased the mass of all samples. The greatest overweight and its highest rate for nylon6 were observed in both hot salt solution and distilled water. Compared with dipping in hot distilled water, dipping in hot salt solution decreased the overweight for each dipping time of less than 2 Â 10 4 s, thus decreasing the initial rate of overweight. However, dipping in hot salt solution increased the rate at more than 2 Â 10 4 s, and then decreased the overweight for each dipping time of more than 10 5 s. In addition, dispersion with aluminum powders (Al addition) decreased the initial rate of overweight with both dipping in hot salt solution and dipping in distilled water. Furthermore, compared with dipping in hot distilled water, dipping in hot salt solution decreased the initial rate of overweight of composites dispersed with aluminum powders at each volume fraction.
Overweight of nylon6 composites produced by salt treatment
3.2 Al addition influence on overweight by dipping in hot salt solution Figure 2 depicts changes in the overweight of nylon6 and its composites at 10 5 s of dipping time versus the volume of dispersed aluminum powders at less than 40 vol%Al in nylon6. The Al addition decreased the overweight at 10 5 s of dipping time. Although hot salt dipping of the pure nylon6 sample slightly increased the overweight, dipping nylon6 composites in hot-salt solution decreased the overweight at 10 5 s of dipping time. Namely, 10 vol% Al addition converted the influence of the dipping in hot solution on overweight change from positive to negative.
Discussion
4.1 Influence of hot salt dipping and Al powder dispersion on the overweight of composites Based on statistics and experiment results, the JohnsonMehl kinetic equation 11) was applied to the simple reaction. 12, 13) Moreover, the evolution of the mass of water versus time ( Fig. 1 ) was obviously favorable for such a model. When the reaction index (n) and kinetic constant (k) are defined, the absorption ratio (X) of water is expressed by the following equation.
11)
When N o is the mole fraction (N t ) before water absorption and N 1 is the mole fraction (N t ) after saturation at infinite time, the absorption ratio (X) of water is obtained by the following equation.
Figure 3 plots changes in X against the dipping time of nylon6 and its composites. The highest X value was found in the nylon6 composites containing 20 vol% dispersed Al powders and dipped in hot salt solution, whereas the lowest X value was found in nylon6 composites with 40 vol% dispersed Al powders and dipped in hot distilled water. To obtain the n and k values of eq. (2), the linear relationship was obtained by converting to eq. (4).
log 10 ½À lnðl À XÞ ¼ n log 10 t þ n log 10 k ð4Þ Figure 4 depicts the linear relationship between log 10 ½À lnðl À XÞ and log 10 t of nylon6 composites with each volume% of dispersed Al powders and dipped in hot salt solution and distilled water. Since the plots exhibit high correlation coefficients, the dipping temperature was always constant. The reaction heat of water absorption was too small. This relationship corresponded perfectly to the Johnson-Mehl kinetic equation 11) for application to the simple reaction at a constant temperature. 12, 13) The slope and intercept of the linear relationships in Fig. 4 correspond to n and n log 10 k values. Based on the straight lines, the mean values of n and k were obtained from the experiment values of all the plots. Although dipping pure nylon6 in hot salt solution (3 mass%NaCl in distilled water) increased the overweight at infinite time, both dipping in hot salt solution and Al addition decreased the overweight of composites. Therefore, the 10 vol% Al addition oppositely converted the influence of dipping in the hot salt solution at 373 K on overweight at infinite time.
Influence of hot dipping on the dissolution of nylon6
When the dipping time of nylon6 in hot distilled water was changed from 10 5 to 10 6 s, the X value decreased from 0.95 to 0.94, due to nylon6 dissolution. Since the dissociation fraction (X) of nylon6 on dipping for 10 5 s was less than 0.001, the overweight of water absorption (X ¼ 0:95 at 10 5 ) was significantly larger than that of nylon6 dissociation (X ¼ 0:001 at 10 5 ). Thus, the overweight of water absorption was dominated by water absorption.
Elements distribution of composites
5 s at 373 K. Both sodium (Na) and chloride (Cl) ions concentrated at the interface of the nylon6 samples. Both ions decreased significantly with sample depth up to 280 mm (Na) and 200 mm (Cl) from the surface. Thus, the concentrations of Na and Cl ions inside and outside the samples were apparently different. Since the distribution ratio was different, it was possible that distribution reaction at the nylon6 surface was the dominant factor of the overweight of pure nylon6 dipped in hot salt solution.
Although the depth dependences of concentrations of Na and Cl ions of 20 vol%Al composites were similar to those of nylon6, the maximum surface concentrations of Na and Cl ions of 20 vol%Al composites were less than those of nylon6. Both ions gradually decreased with the composite depth up to 360 (Na) and 480 mm (Cl) from the surface. The Al addition decreased the maximum concentrations of Na and Cl at the interface, as well as the slopes of concentration.
Al addition increased the penetration depth of elements. Since both Na and Cl ions concentrated at each aluminum particle interface, high concentration zones of Na and Cl ions were found near each aluminum particle surface (Fig. 5) .
The Al particles attracted both Na and Cl ions from near the surface to the inside, thus, the Al addition enhanced the concentrations of both ions near the aluminum particles and decreased the maximum concentration near the interface in the composites.
Since adding Al to composites dipped in hot salt solution gradually converted from a surface controlled system to mass transport control in the nylon6 matrix. The Al addition should thus change the reaction index (n) of the overweight of composites dipped in hot salt solution. Figure 6 plots the identified reaction index (n) of overweight related to water absorption for nylon6 composites dipped in both hot salt solution (3 mass%NaCl in distilled water) and distilled water versus the volume fraction (%) of Al powders. The n value was 0.61 for pure nylon6 and 0.66 for nylon6 composites with 40 vol%Al dispersed.
Influence of dipping in hot salt solution on the reaction index
The n value of pure nylon6 dipped in hot salt solution was slightly lower than that dipped in hot distilled water. As indicated in Fig. 5 , the distribution reaction of the salt solution at the sample surface was probably an important factor of the overweight of pure nylon6 dipped in hot salt solution. Thus, it was possible that the salt addition in hot water for dipping converted the reaction system from mass transport controlling in the matrix to interface controlling at the nylon6 surface. The Na and Cl ions could not be remarkably detected in the matrix inside the pure nylon6 dipped in hot salt solution. As the EPMA photographs in Fig. 5 indicate, an interface control process probably dominated the reaction rate of nylon6 dipped in hot salt solution.
Both dipping in hot salt solution and Al addition increased the n value. The Al addition significantly enhanced the reaction index (n) of composites with less than 20 vol%Al dipped in hot salt solution. Compared with dipping in distilled water, dipping in hot salt solution apparently enhanced the n value of the composites. The maximum n value of the composite dipped in hot salt solution was greater than that with 40 vol%Al dipped in hot distilled water.
If the reaction rate of overweight of composites with Al dispersed was dominated by the water absorption rate of the nylon6 matrix and/or the interface reaction between the Al particles and nylon6 matrix in the composites, the influence of the Al addition on overweight could be explained. The n value of composites dipped in hot salt solution was higher than that of composites dipped in hot distilled water.
When the salt solution moved from the outside of the sample to the inside, the salt concentrated at the interface between the Al particles and the nylon6 matrix in the composites, as well as at the sample surface (Fig. 5) . However, few Na and Cl ions were detected in the matrix inside the composites dipped in hot salt solution. The dominant factor of the reaction rate of the composites dipped in hot salt solution did not strongly correspond to the interface control process. 4.6 Influence of dipping in hot salt solution on the kinetic constant Figure 7 plots changes in the kinetic constants of the overweight of nylon6 and its composites dipped in hot salt solution (3 mass%NaCl in distilled water) and distilled water against the volume fraction of dispersed aluminum powders.
Since the difference between n values of the salt dipping solution and the distilled water dipping solution was not large in pure nylon6, it was possible that the reactions were similar. The k value of pure nylon6 dipped in hot salt solution was less than that dipped in hot distilled water. Both Na and Cl ions concentrated near the interface in pure nylon6 (Fig. 5) , thus, both ions attracted water molecules. When the water diffusion in nylon6 was controlled by the concentrated zone at the sample surface, the addition of salt in the hot dipping water decreased the k value.
Al addition decreased the k value and apparently increased the n value of composites dipped in hot distilled water. Although the Al-addition decreased the k value of composites dipped in hot distilled water, Al addition to less than 20 vol%Al in composites dipped in hot salt solution apparently increased both k and n values. Both k (Fig. 7) and n ( Fig. 6 ) values of composites dipped in hot salt solution were higher than the values of those dipped in hot distilled water. Since the n values were different, the k value could not be precisely determined.
The n value of composites (from 20 to 40 vol%Al powder) dipped in hot salt solution approximately corresponded to that with 40 vol%Al in hot distilled water. Since the difference between n values was not large, the k value could be determined. The k values of composites (from 20 to 40 vol%Al) dipped in hot salt solution were higher than that of 40 vol%Al in hot distilled water. The higher k values of composites dipped in hot salt solution were caused by the deep penetrations of Na and Cl ions. As illustrated in Fig. 5 , the concentrated zones of both ions were observed inside composite samples dipped in hot salt solution. The aluminum particles in composites attracted both ions, which attracted water molecules. Thus, the k values of composites (from 20 to 40 vol%Al) dipped in hot salt solution were higher than that of 40 vol%Al in hot distilled water (Fig. 7) .
Conclusion
In summary, the influence of dipping in hot salt solution (3 mass%NaCl in distilled water) on the overweight related to water absorption in nylon6 composites dispersed with aluminum powders was investigated.
(1) Dipping in hot salt solution for 10 5 s at 373 K (near the boiling point) increased the overweight of composite samples, whereas Al addition from zero to 40 vol%Al decreased the overweight of the sample. (2) The experiment results and kinetic analysis indicated that adding Al decreased the saturated overweight of composites at infinite time. (3) Although dipping in hot salt solution slightly decreased the n value of pure nylon6, both dipping in hot salt solution and adding Al increased the n value of the composites. The Al addition apparently increased the reaction index (n) of composites dipped in hot salt solution, and with less than 40 vol%Al in hot distilled water. Compared with dipping in hot water, dipping in hot salt solution apparently increased the n value of the composites. (4) The Al addition apparently increased the kinetic constant (k) at less than 20 vol%Al in hot salt solution, whereas it decreased the k value of composites with more than 30 vol%Al in hot salt dipping. The Al addition also decreased the k value of composites dipped in hot distilled water. (5) Compared with dipping in hot distilled water, dipping in hot salt solution apparently decreased the saturated overweight and remarkably increased the k values of composites. (6) Since EPMA analysis could not clearly detect Na in the nylon6 matrix, the reaction rate of nylon6 composites dipped in hot salt solution was probably dominated by an interface control process. (7) The Al particles attracted both Na and Cl ions from near the surface to the inside; therefore, the Al addition enhanced the concentrations of both ions near the aluminum particles and decreased the maximum concentrations near the interface in composites. Since the Al addition to composites dipped in hot salt solution gradually converted from a surface controlled system to mass transport control in the nylon6 matrix, the Al-addition should change the reaction index (n) of the overweight of composites dipped in hot salt solution. (8) The aluminum particles in composites attracted both Na and Cl ions, which attracted water molecules. When the difference between n values was not large, the k values of composites (from 20 to 40 vol%Al) dipped in hot salt solution were higher than that of 40 vol%Al in hot distilled water.
Acknowledgement
The authors would like to thank Ms. Masae Kanda (doctoral student) of INSA de Lyon and Mr. Keisuke Itou of TKK Co., Ltd. for their help with sample preparation. 
